venography. Termination of the IPG sequence even after two 45-second occlusion time tests would have decreased this specificity by 14%. Furthermore, if the common practice was followed of terminating the IPG series after one normal result with 45 seconds of occlusion, a 10% deterioration in sensitivity would have occurred. These observations emphasize the practical importance of achieving optimal venous filling and also provide a physiological basis for standardizing impedance plethysmography.
SUMMARY In 80 hands with arterial occlusive disease, systolic blood pressure at the wrist and in all fingers was measured by photoelectric plethysmography. The correlation of such pressures with angiographic evidence of organic obstruction or the development of digital ischemic signs was studied. Digital blood pressure was normal in all 184 fingers in which there was at least one obstruction-free arterial path to and through the finger. Ischemic signs developed in only one. Of 203 fingers with occlusion in vessels in or leading to both sides of the finger, a decreased pressure was seen in 173 and a normal pressure in 30. Ischemic signs were observed in 132 of 173 fingers with a decreased pressure, and in two of 30 with a normal pressure. The clinical significance of measurement of digital blood pressure in arterial occlusive disease is discussed.
digital ischemia. During recent years there has been an increasing interest in measuring the blood pressure of the limbs, because blood pressure values correlate with the function of the collaterals and the clinical findings.1`5 By using strain gauge or photoelectric plethysmography with a blood pressure cuff, blood pressure measurement can be carried out in all fingers.6' 7 However, there has not yet been a detailed study regarding clinical significance of blood pressure measurement in all fingers. Downs et al. 8 reported the correlation of digital blood pressure with arteriographic findings in hands with arterial occlusion, but they did not deal with the development of digital ischemia.
In the present study, systolic blood pressure at the fingers, digital blood pressure was also measured at the proximal phalanx, using a 24 mm wide cuff in fingers II, III and IV and a 20 mm wide cuff in finger V to compare the diagnostic value for digital ischemia between blood pressure values recorded at the intermediate phalanx and at the proximal phalanx. Blood pressure measurements were also carried out in 80 normal subjects, and the lower limits of normal values were determined for the two groups divided according to age, to be used in the evaluation of patients with arterial occlusive diseases. They consisted of 43 males and 37 females. Their ages ranged from 17-87 years (mean 46 years). These normal subjects were members of the staff of the hospital and volunteers. None of the subjects showed any clinical evidence of peripheral arterial disease or ischemic symptoms.
Results
Arterial occlusion sites in arteriograms and a number of fingers with ischemic signs are summarized in table 2. In 58 of 59 hands with occlusion of the radial, ulnar or hand arteries, occlusion of the proper digital arteries was also observed, in addition to proximal occlusive lesions. Development of ischemic signs in all fingers was observed in 15 hands with occlusion of both radial and ulnar arteries and in one with occlusion of the ulnar artery.
The pressure gradients between the wrist and the arm and between each finger and the arm in normal persons are shown in table 3. The lower limits of normal values of these pressure gradients were determined by the mean minus 2.5 standard deviations. As there was no significant difference in blood pressures between the fingers, one normal value of finger-arm pressure gradient was calculated.
In six arms, a significantly decreased blood pressure was observed at the wrist. In these limbs, arteriograms revealed occlusion of both radial or ulnar arteries proximal to the wrist. Even if one of the radial or ulnar arteries was occluded proximal to the wrist, a normal blood pressure was observed.
In order to correlate arteriographic findings with systolic blood pressure in each finger, the arteriograms were examined in detail for evidence of arterial obstruction at any site. In particular, an attempt was made to trace the main individual pathways from arteries in the forearm or hand, and along each of the digital arteries. Depending on the arteriographic findings, 387 of 400 fingers from 80 hands were classified into three groups: normal flow finger group (NG), uninterrupted flow finger group (UG) and interrupted flow finger group (IG). In the remaining 13 fingers, no correlation was attempted, because there were doubts about the interpretation of the angiograms for vessels supplying the fingers. The NG group consisted of 99 fingers. In this group, no organic abnormalities were seen in vessels supplying the fingers. In the UG group, consisting of 85 fingers, only one digital artery was supplied by its own metacarpal or common digital arteries through the more proximal arteries without interruption. The IG group consisted of 203 fingers. Occlusion was seen in both digital arteries or more proximal arteries supplying the finger, indicating that the blood supply to the finger depended on the collateral circulation.
Digital blood pressure was recorded as normal in all 184 fingers classified into the NG or UG groups. Ischemic signs were observed in only one finger. Of 203 fingers classified into the IG, 173 showed an abnormally low digital blood pressure, and the remaining 30 fingers showed a normal blood pressure. Ischemic signs developed in 132 of 173 fingers with a decreased digital pressure and in two of 30 fingers with a normal digital pressure ( fig. 1) .
In arteriograms, the development of collateral higher in our results may be explained by the difference in criteria used for interpretation of the arteriograms. When the digital arteries were supplied with blood from arteries which were in other routes than usual, even if the size of these arteries seemed to be sufficient for normal blood transmission, these fingers were classified into the IG group in our study, as shown in finger III of case 1 (fig. 2 ). It is difficult to judge with certainty whether these unusual arteries should be regarded as normal pathways or collaterals, because many variations of the hand arteries have been reported.'4 1" Furthermore, 39 of 80 hands investigated in our study showed no ischemic signs, even though arterial occlusion was shown in the arteriograms. The study including these asymptomatic hands may result in a high incidence of false negative pressures. Although well-developed collateral circulations were expected in 30 fingers with false negative pressures, it was sometimes difficult to determine accurately the degree of development of collateral vessels on the basis of arteriographic findings (figs. 2-4). However, as only two of these 30 fingers showed development of ischemic signs, determination of blood pressure might be considered helpful as a functional diagnostic measure to estimate objectively the flow volume of collateral vessels in arterial occlusive disease.
In the correlation between digital blood pressure and development of digital ischemic signs in each finger, no ischemic signs were observed in 211 of 214 fingers with a normal digital blood pressure. From this result, it might be considered that if digital blood pressure is normal, ischemic signs rarely develop in arterial occlusive disease, even though arterial occlusion is seen in arteriograms.
The other three fingers with ischemic signs should be noted. One of them occurred in a 46-year-old man engaged in ceramic art. At the age of 29, he first noticed ischemic gangrene on the toes, and Buerger's disease was diagnosed. Thereafter, gangrene recurred in the toes on both sides, resulting in spontaneous loss of all toes. At the age of 46, he entered the hospital with a four-month history of cyanosis of the fingertips of fingers I, II and III, which developed after working for six months at his job of driving a potter's wheel using these fingers. Brachial arteriography revealed occlusion of the ulnar artery and of both digital arteries of the lateral four fingers. In the first finger, both digital arteries were visualized well through the radial artery without interruption. Blood pressure measurement revealed a decreased blood pressure in the lateral four fingers and a normal blood pressure in finger I. Therefore, it was considered that damage to microcirculation of the fingertip due to the repeated dull stimulus to the fingers might have contributed to the development of the ischemic symptom.
In the remaining two fingers, occlusion of the digital arteries on the arteriograms occurred distally to the cuff. Presumably, if the cuff were moved distally on the fingers, a decreased digital pressure would be obtained.
Of 173 fingers with a decreased digital pressure, ischemic signs of the finger developed in 132. This finding may indicate that the individual variations in sensitivity to cold, the environment of life or work and the degree of disturbance in digital microcirculation due to local trauma or to microemboli'6 also influence the development of ischemic symptoms in addition to impaired digital circulation due to arterial occlusion in or leading to the finger. '7 Arteriography gives valuable information regarding the site and extent of obstruction of the arterial tree and is employed preoperatively where the surgeon has need of a "round map." Furthermore, it may be used for determination of the underlying etiology. For example, regular and smooth lumens of the arteries proximal to the occlusion site is a common finding in Buerger's disease, and is one of the criteria for distinguishing it from arteriosclerosis obliterans.'0 18
However, arteriography can be quite time-consuming, and involves some risk to the patient. In contrast, blood pressure measurement is easily and rapidly performed. All measurements in both arms can be made in approximately 1 hour. In the present study, it was shown that digital arterial ischemia secondary to arterial occlusive disease could be established with a high degree of accuracy by pressures alone. Therefore, the use of arteriography merely to confirm the diagnosis of arterial insufficiency may be unnecessary.
In the clinical use of digital blood pressure, the measurement should be carried out at the intermediate phalanx in the lateral four fingers, since this method has higher diagnostic value, as shown in the present study. Furthermore, digital blood pressure should be measured in all fingers, as development of ischemic signs in all fingers was observed in only 16 of 80 hands. Determination of blood pressure in one or two fingers only may miss confirmation of arterial insufficiency of the hand.
In addition to the diagnostic value, digital blood pressure measurement might be valuable in assessing follow-up in patients with arterial occlusive disease, because measurement can be easily repeated and given a quantitative diagnosis. Patients with a decreased digital pressure, even though they show no ischemic symptoms, should be advised to avoid exposure of the hand to cold.
Blood pressure measurement is not always useful in patients with spastic diseases such as Raynaud's disease. Our previous study17 showed that such cases might have a normal digital pressure even if ischemic signs are observed. Our conclusion of the previous study was that a patient with cold sensitivity of the hand and a normal digital pressure should not be considered to have an arterial occlusive disease as the un Kallikrein concentrations in casual urines at Survey 3 were related to those obtained at Survey 2 (r = 0.499), and were again significantly lower in black than in white children (log = 3.84 ± 0.8 vs 4.37 ± 0.7; P < 0.001). There were significant inverse relations between UKal/creatinine concentration and blood pressure in both white and black children.
Thus, familial aggregation of blood pressure, blood pressure rank and concentration of kallikrein in casual urine specimens are relatively stable in children over an eight-year period of observation. This study demonstrates in a free living population of normal children, a stable relation between blood pressure and an enzyme which is involved in the production of potent vasodilator peptides and is related to hypertension in adults.
STUDIES IN ADULTS have suggested that blood pressures are not only familially aggregated, but that blood pressures obtained in early adulthood are predictive of pressures attained later in life; that is, that relative blood pressure rank tends to be stable in 
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Presented in part at the meeting of the American Heart Association Council on Epidemiology, New Orleans, Louisiana, February 29, 1976. Supported by Grant 75-801 of the American Heart Association and by Grants HD03693 from the National Institutes of Child successive surveys." 2 In order to determine if these characteristics of adult blood pressures were also present in childhood, a study of blood pressures was begun in 1967 in families of children aged 2-14 years.3 This study reported that blood pressures were familially aggregated in children with correlation coefficients similar to those found in adults. These findings were confirmed in several other populations.4 6 A second survey of the original cohort of children four years later showed that familial aggregation of blood pressure persisted and that there was a significant positive relation between the blood pressures obtained in the initial and follow-up surveys. 7 Possible biochemical correlates of the blood pressure status of the children were sought. Several systems and biochemicals are related to the maintenance of systemic arterial pressure, including the renin-angiotensin-aldosterone axis, the central and sympathetic nervous systems and, perhaps, prostaglandins and kinins.8 Because measurement of the activity of these systems often requires blood samples and expensive methodology, we searched for a urine component that might be useful in the study of blood
